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6. ANALYTI CAL METHODS

The purpose of this chapter is to describe the analytical nethods that
are available for detecting and/or neasuring and nonitoring boron in
environnental nedia and in biological sanples. The intent is not to provide
an exhaustive list of analytical nethods that could be used to detect and
gquantify boron. Rather, the intention is to identify well-established nethods
that are used as the standard nethods of analysis. Many of the anal yti cal
nmet hods used to detect boron in environnmental sanples are the nethods approved
by federal agencies such as EPA and the National Institute for Occupationa
Safety and Health (NICSH). O her nethods presented in this chapter are those
that are approved by groups such as the Association of Oficial Analytica
Chemi sts (AQAC) and the Anerican Public Health Association (APHA)

Addi tional ly, analytical nethods are included that refine previously used
net hods to obtain | ower detection lints, and/or to inprove accuracy and
preci si on.

6.1 BIOLOCE CAL MATERI ALS

Met hods for the determi nation of boron in sanples of toxicol ogical
i nterest have been summari zed (Stokinger 1981; Van Orner 1975). Usually tota
boron is determined, although in limted cases specific boron species can be
determ ned as well. Boron is very poorly neasured by atom c absorption
anal ysis. H gh-tenperature atom c spectronetric nethods, especially
i nductively coupl ed plasma atom c em ssion spectronetry, including atonic
em ssi on spectrography, work well for boron. Colorinetry and pronpt neutron
activation analysis can al so be used.

Met hods for the determ nation of boron in biological materials are
sunmari zed in Table 6-1

Normal Iy, for determination in biological sanples, the sanple is
di gested or ashed, and the boron is neasured by atom c spectronetric
det ermi nati on.

6. 2 ENVI RONMVENTAL SAMPLES

Met hods for the determ nation of boron in environmental sanples are
sunmari zed in Table 6-2.

Boron is readily nmeasured in nultielenment anal yses of air, water, and
solid waste sanples by inductively coupled plasma (1 CP) atomi c em ssion
spectroscopy, the nmethod of choice for the determ nation of boron in nodern
practice. Al though not nultielenent procedures, calorinmetric cucum n and
calorinetric carmne nethods are still reliable methods for the deternination
of boron in water, air and solid waste sanples. These calorinetric procedures
provi de adequate methods when I CP instrunentation is not avail able.



TABLE 6-1. Analytical Methods for Determining Boron in Bilological Materials

Sample
detection Percent
Sample matrix Preparation method Analytical method limit recovery Reference
Blood and urine Ashed, dissolved in HCl SA 5 wg/100g No data Imbus et al.
blood 1963
40 pg/L
urine
Blood Ashed by oxygen in a Colorimetric <0.1 pg/mL B84Y at Hill and Smith
Parr bomb, dissolved carmine method 5 pg/ml 1959
Serum (borate) Deproteinized, allowed Colorimetric >endogenous 922-104% Baselt 1988
to react with reagent carmine method levels which
are <20 mg/L
Blood Ashed, dissolved Electrophoresis No data No data Hill et al.
1957
Biological Acid digestion ICP/AES 5 ps/L® No data EPA 1986a
material®

*This method 1s for water, sediments, and wastes.
*Method detection limit.

Actual detection limits for boron in waste samples may be considerably higher.

ICP/AES = inductively coupled plasma atomic emission spectroscopy; HCl = hydrochloric acid; SA = atomic spectrogrsphic

analysis
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TABLE 6-2. Analytical Methods for Determining Bom in Environmental Saq)le.

Sample
detection Percent
Sample matrix Preparation method Analytical method limit recovery Reference
Air Collection on filter, ICP/AES 1 pg per 103X NIOSH 1984
workup in acld sample recovery
Alr for boron Collection on filter, x-ray powder 0.05 mg No data NIOSH 1985a
carbide ashed, suspended in diffraction
2-propanol, redeposited
on silver membrane filter
Water Direct analysis Colorimetric 0.2 ug 23X RSD APHA 1985a
curcumin
Water Ash, dissolve in acid Colorimetric 2 pg 361 RSD APHA 19850
carmine
Water Acidify, inject ICP/AES 0.3 pg/L No data APHA 1985c¢
Water Direct analysis Colorimetric 0.2 pg 23X RSD EPA 1983
curcumin
Water Filter, acidify ICP/AES 5 pg/L No data EPA 1982
aspiration
Sediments, solid Acid digestion ICP/AES S pg/L* No data EPA 1986a

wastes, sludges

"Method detection limit.

ICP/AES = inductively coupled plasma atomic emission spectroscopys RSD = relative standard deviation

Actual detection limits for boron in waste samples may be 1-3 orders of magnitude higher.
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6. 3 ADEQUACY OF THE DATABASE

Section 104(i)(5) of CERCLA, as anended, directs the Admnistrator of
ATSDR (in consultation with the Adm nistrator of EPA and agenci es and prograns
of the Public Health Service) to assess whether adequate information on the
health effects of boron is available. Were adequate information is not
avai |l abl e, ATSDR, in conjunction with the NTP, is required to assure the
initiation of a program of research designed to determne the health effects
(and techni ques for devel opi ng nethods to deternm ne such health effects) of
bor on.

The foll owi ng categories of possible data needs have been identified by
a joint teamof scientists fromATSDR, NTP, and EPA. They are defined as
subst ance-specific informational needs that, if net, would reduce or elimnate
the uncertainties of human health assessnment. In the future, the identified
data needs will be evaluated and prioritized, and a substance-specific
research agenda will be proposed.

6. 3.1 Data Needs

Met hods for Determ ning Bi omarkers of Exposure and Effect. Boron can be
determi ned sensitively and selectively by inductively coupled plasnma atonic
eni ssion anal ysis (EPA 1986a; Inbus et al. 1963). This nethod of analysis
requires that the analyte be placed in solution, which canbe a problemwth
sone of the nore refractory boron species. Wth the exception of boron
carbide (NI OSH 1985a), nethods are |acking for the determ nation of specific
boron conpounds.

Met hods for the determination of metabolites of boron in biological
materials woul d be useful in studying the toxicity and netabolismof this
el enent .

More specific methods for biomarkers of exposure would be hel pful in
t oxi col ogi cal studi es of boron

Met hods for Determ ning Parent Conpounds and Degradati on Products in
Envi ronnental Media. Inductively coupled plasnma atom c em ssion spectronetry
is the only satisfactory nmultielenent nmethod avail able for the determ nation
of boron in water, air, and solid waste sanples (APHA 1985c; EPA 1982, 1986a;
NI OSH 1984). Calorinetric procedures are as sensitive and precise but are
nore | abor intensive. Calorinetric procedures do provi de adequate mnethods for
those | aboratories that do not have | CP instrunentation. There is a need for
net hods that require | ess expensive instrunentation, although such nethods
woul d be very difficult to devel op.

Sanpl i ng net hodol ogi es for very low | evel el enental substances like
boron continue to pose problens such as nonrepresentative sanpl es,
i nsufficient sanple volunes, contami nation, and |abor-intensive, tedious
extraction and purification procedures (G een and LePape 1987).
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6.3.2 On-going Studies

Exam nation of the literature does not suggest that najor efforts are
underway for the devel opnent of better nethods for the deternination of boron
This is due to the difficulties inherent in determ ning boron and the fact
t hat an enphasi s has not been placed on devel opi ng such net hods because the
elenent is relatively nontoxic.








